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BALLISTIC -RANGE TESTS O F  A DRAG -RING CONFIGURATION 

AT MACH NUMBERS AROUND 2 

By Charles E .  DeRose 

Ames  Research Center 

SUMMARY 

free-flight measurements of an unusual configuration proposed as a Mars 
atmospheric probe were made i n  t h e  A m e s  Pressurized B a l l i s t i c  Range. The con- 
f igura t ion  consis ted of a cone-cylinder centerbody supported within a l a rge  
conical-sector f lare  ( c a l l e d  a drag r ing )  with a wide gap between t h e  two 
components. T e s t s  were made i n  a i r  a t  a nominal Mach number of 2 and a 
Reynolds number, based on t h e  drag-ring diameter of 50,000. All experimental 
data are compared with values obtained a t  a Mach number of 20 and with 
Newtonian theory t o  check t h e  e f f ec t  of a l a rge  change i n  f l i g h t  ve loc i ty .  

0 The drag coe f f i c i en t  of t h i s  shape decreased from 1 .2  a t  0 angle  of 
a t t ack  t o  0.95 a t  12O angle of a t t ack .  

Values of l i f t - cu rve  s lope and pitching-moment-curve s lope a t  Mach number 
2 were i n  fair agreement with those a t  Mach number 20, suggesting t h a t  t hese  
der iva t ives  may not vary with f l i g h t  Mach number. These two der iva t ives  were 
a l s o  constant with angle  of a t t ack  f o r  t hese  t e s t  conditions,  which included 
pi tching amplitudes from 2' t o  15O. 

The damping der iva t ives  indicated dynamic s t a b i l i t y  a t  Mach numbers under 
2, but one f l i g h t  a t  Mach number 2 .4  w a s  dynamically unstable.  The change i n  
flow about t h e  drag r i n g  with ve loc i ty  i s  believed t o  have caused t h e  change 
i n  damping. 

Flow-visualization photographs show e s s e n t i a l l y  choked flow between t h e  
drag r i n g  and t h e  centerbody fo r  a l l  f l i g h t s ,  and t h e  bow-shock wave w a s  Out- 
s ide  t h e  drag r i n g  except a t  M = 2.4. The outward movement of t h e  bow-shock 
wave w a s  caused by t h e  separat ion of flow over t h e  nose cone. 

INTRODUCTION 

I n  seeking an optimum configurat ion f o r  a n  unmanned probe t o  measure 
atmospheric proper t ies  on neighboring planets ,  t h e  designer i s  immediately 
faced with two conf l i c t ing  requirements: f irst ,  t h e  desire for  a high-drag 
shape t o  extend t h e  t i m e  f o r  making measurements; and, second, t h e  need t o  
overcome communication blackout, which usual ly  means adopting a sharp, low- 
drag nose. The Martin Company, i n  a proposal fo r  an atmospheric probe for 
Mars, designed a unique configurat ion t h a t  satisfies both of these  design 
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requirements. Basically, t h e  configurat ion cons is t s  of a sharp, cone-cylinder 
centerbody supported by cruciform s t r u t s  within a shor t  annular drag r i n g  
( f i g .  1). 

Preliminary t h e o r e t i c a l  and wind-tunnel force  t es t  s tud ie s  (by S .  M. 
Got t l ieb,  D. S.  Szelo, and H. C .  Norman of The Martin Go.) f ixed  t h e  shape of 
t h e  configuration and showed aerodynamic coe f f i c i en t s  to be w e l l  p red ic ted  by 
Newtonian theory a t  M = 20 i n  air at high enthalpies .  To evaluate t h e  con- 
f igu ra t ion  over a broad ve loc i ty  range, s t a t i c -  and dynamic-stabil i ty da ta  
were needed a t  lower Mach numbers. There w a s  speculat ion t h a t  nonl inear i t ies  
i n  t h e  aerodynamic der iva t ives  might occur a t  Mach numbers between 2 and 3 
when t h e  bow-shock wave t h e o r e t i c a l l y  starts t o  impinge on t h e  leading edge 
of t h e  drag r ing .  

A l imi ted  inves t iga t ion  w a s  undertaken i n  t h e  Pressurized B a l l i s t i c  Range 
a t  Ames  Research Center to study t h e  drag, l i f t ,  and s t a t i c  and dynamic s ta-  
b i l i t y  of t h i s  shape i n  air  a t  a Mach number of approximately 2, and t o  photo- 
graph t h e  flow around t h e  f ree- f ly ing  model. The results of t h i s  inves t iga t ion  
are reported here.  

The models used f o r  t h i s  t e s t  program were designed and constructed by 
The Martin Company, Denver Division, whose a s s i s t ance  i n  t h i s  phase of t h e  
inves t iga t ion  i s  g r e a t l y  appreciated.  

SYMBOLS 

re te rence  area 

drag coef f ic ien t ,  , dimensionless dr a€? 
(112) PV2A 

, dimensionless l i f t  
l i f t  coef f ic ien t  , 

( 1/2) PV2A 

, per rad ian  l i f t -curve slope, - 3CL 
a0 

pi tching moment 
pi tching -moment coef f ic ien t  , , dimensionless 

(1/2) P P A D  

, per rad ian  3% pitching-moment-curve slope,  - 
a0 

3% 3% 
a i ( ~ / v )  + SZ$T damping - in-pi tch der iva t ive ,  

reference diameter, diameter of base of drag r ing ,  m 

Mach number 



Reynolds number based on drag-ring diameter and free-stream 
conditions 

ve loc i ty  along f l i g h t  path, m/sec 

a x i a l  dis tance from base of model t o  center of gravi ty ,  m 

angle of a t t ack  ( i n  v e r t i c a l  p lane) ,  deg 

angle of s i d e s l i p  ( i n  horizontal  p lane) ,  deg 

r e su l t an t  angle of a t t ack ,  tan-’ d ( t a n  a)2 + ( t a n  P ) 2  , deg 

free-stream air  density,  kg/m3 

FACILITY, MODELS , AND TECHNIQUES 

The Ames Pressurized B a l l i s t i c  Range i s  a var iab le  pressure f a c i l i t y  with 
24 spark shadowgraph s t a t i o n s  along a 62-meter instrumented length.  
s t a t i o n  takes  a pa i r  of orthogonal spark-illuminated shadowgraphs. The models 
were launched from a 57-mm smooth-bore gun i n t o  s t i l l  air  a t  a pressure of 
0.02 a t m  and a ve loc i ty  from 600 t o  800 m/sec. 

Each 

The models were constructed of 2024 aluminum with a bronze nose t o  f i x  
t h e  center of grav i ty  at the  design point ( s ee  f i g s .  1 and 2 ) .  The upper 
s t r u t s ,  drag r ing ,  and a f t  sec t ion  of t h e  body were machines from a s o l i d  
piece of material .  The lower s t r u t s  were soldered t o  t h e  body and drag r ing  
a f t e r  being machined. The bronze nose w a s  fastened t o  t h e  body with a 
threaded s tud.  

Because of t h e  very l i g h t  weight and high drag of t h e  model, t h e  sabot 
had t o  be  mechanically decelerated and removed a t  t h e  muzzle of t he  gun. 
This w a s  accomplished by passing t h e  model and sabot through a 51.5 mm diam- 
e t e r  hole i n  a s t e e l  p l a t e .  The model passed through f ree ly ,  but t h e  sabot 
(57 mm diameter) was slowed down by t h e  shearing off  of i t s  outer 2.7 mm. 

The sabot w a s  constructed i n  th ree  pa r t s  ( f i g .  3 ) :  t h e  main body 
( foamed-in-place polyurethane p l a s t i c )  , a model-support pedestal  (Lexan) , and 
a r ea r  shear disk (Lexan). 
in-place p l a s t i c  i n  a nominally sealed mold, had an average spec i f i c  grav i ty  
of 0.25. However, t h e  densi ty  of t h e  hardened sabot w a s  not uniform; t h e  
walls were dense and t h e  center  w a s  very porous ( f i g .  4 ) .  This r e s u l t  w a s  
advantageous: when t h e  sabot sheared through t h e  decelerat ing p la te ,  t h e  
strong outer w a l l  w a s  removed, allowing aerodynamic forces  t o  shred away t h e  
remaining sabot body. Figure 5 shows t h e  sabot a f t e r  passing through t h e  
decelerat ing p l a t e .  

The main body, ca s t  t o  s i z e  and shape from foamed- 
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ANALYSIS OF DATA 

. . .  

--- 
-0.218 

-.215 
-.225 

-.212 
. . . . -. .. . . .  

The data  i n  t h i s  repor t  are from analyses of t h e  time h i s t o r i e s  of t h e  
model motion as obtained from t h e  24 s e t s  of orthogonal shadowgraphs, with 
t h e  time reference obtained from 1.6 MHz chronographs. 

1 . .  

--- 
-0.602 
--- 
-. 472 
-179 

__ . - 

A de ta i led  descr ipt ion of t h e  spec i f i c  method of data  reduction can be 
found i n  reference 1. 

-0.384' 

-.455 
--- 
-.465 
- -. ._ 

RESULTS AND DISCUSSION 

-0.212 

-.2q 

-.225 

-.a2 
. .. . . 

The data a r e  presented i n  f igures  6 t o  9 and compared with r e s u l t s  from 
t h e  Mar t in  24-inch arc-heated, blow-down wind tunnel  obtained a t  Mach number 
20 and with values from Newtonian theory (Cp,, = 2 ) .  
s e r i a l l y  numbered tests are presented i n  t a b l e  I. 

The conditions fo r  t h e  

TABLE I-- FLIGHT TEST CONDITIONS AND RESULTS 

light pressure, 

0.01912 

.01912 

. . . . .  . .  . . -  I c,, 
(Xcg= 26.7 percent D) '%+ 'GL 

Figure 6 shows t h e  drag coeff ic ient  as  a function of root-mean-squared 
r e su l t an t  angle of a t t ack .  Since t h e  Mach number range was l imited,no attempt 
w a s  made t o  obtain a va r i a t ion  of CD with t h i s  var iab le .  A s  can be seen, 
t h e  drag coef f ic ien t  var ied from approximately 1 . 2  a t  0' angle of a t t ack  t o  
about 0.95 a t  a root-mean-squared angle of a t t ack  of 12'. 

I n  f igu re  7, C k  i s  p lo t t ed  as a function of root-mean-squared r e su l t an t  
angle of a t t ack  f o r  t h e  three tests i n  which t h e  model swerved s u f f i c i e n t l y  
t o  permit measurements. The f ree- f l igh t  data  at M = 2 agree reasonably well 
with M = 20 data, suggesting t h a t  Mach number has l i t t l e  e f f ec t  on t h i s  
der ivat ive.  It i s  a l s o  seen t h a t  C k  does not appear t o  be  a strong 
funct ion of angle of a t t ack  over t h e  test  range. 

The pitching-moment-curve slope, CW, i s  shown i n  f i gu re  8 as a funct ion 
of angle of a t t ack .  Data a r e  presented for  a l l  t e s t s  long enough t o  permit 
accurate determination of wavelength. A l l  results shown a r e  adjusted t o  a 
common center of g rav i ty  (Xcg The 
adjustment, i n  a l l  cases, w a s  l e s s  than 7 percent.  
i s  constant up t o  an angle of a t t ack  of 14O (i .e . ,  l i nea r  aerodynamic prop- 
e r t i e s ) .  
c lose  t o  those a t  M = 20, again suggesting t h a t  Mach number has l i t t l e  e f f ec t  
on t h i s  aerodynamic parameter. 

is 26.7 percent of t h e  base diameter).  
A s  shown i n  f igu re  8, C,, 

These values of t h e  s t a t i c - s t a b i l i t y  der iva t ive  are a l s o  seen t o  be 
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The damping der iva t ive  ( C  + C ~ C ; )  could be determined only for  those 
t e s t s  with at l e a s t  t h r e e  peaks i n  t h e  angle-time h is tory .  The th ree  values 
obtained a r e  shown i n  f igu re  9. The two f l i g h t s  a t  t h e  lower Mach numbers 
show s t a b l e  damping (negative values of Cms + CG) ; and t h e  one f l i g h t  a t  
higher Mach number shows unstable damping. The change i n  ve loc i ty  could be 
responsible for  t h i s  change i n  damping because it a l t e r s  t h e  flow through t h e  
drag r ing .  A s  can be seen i n  t h e  shadowgraphs i n  f igu re  10, t h e  flow i s  
separated f r o m t h e  nose i n  a l l  cases.  However, as t h e  Mach number i s  changed 
from 1.8 t o  2.3, t h e  angle of t h e  separated flow decreases rapidly,  allowing 
a p a r t i a l  unchoking of t h e  flow on t h e  windward s i d e  a t  t h e  higher Mach number, 
which might not be possible  at t h e  lower Mach number. The e f f ec t  of t h i s  
var iab le  flow with angle of a t t ack  a t  t h e  higher Mach number might cause t h e  
change i n  damping der ivat ive;  on t h e  other hand, t h i s  va r i a t ion  i n  flow does 
not a f fec t  t h e  s t a t i c - s t a b i l i t y  r e s u l t s .  

ms 

The th ree  t e s t s  used t o  obtain t h e  damping der ivat ives  a r e  fu r the r  
described i n  f igure  11, which shows the  degree of f i t  between t h e  motion c a l -  
culated by t h e  deduced aerodynamic coef f ic ien ts  and t h e  experimentally 
observed angles.  F l igh ts  2 and 5 show r e l a t i v e l y  good agreement but f l i g h t  4 
appears l e s s  accurate because of t he  small amplitude. It should be noted t h a t  
a l l  motions a r e  reasonably planar,  a condition t h a t  affords  good damping data.  

CONCLUSIONS 

The f l a r ed  r ing  and s t a b i l i z e d  cone-cylinder proposed by The Martin 
Company for  a M a r s  atmospheric probe has been t e s t e d  i n  f r e e  f l i g h t  i n  air a t  
Mach numbers around 2 and Reynolds numbers near 50,000. The s t a t i c  aerody- 
namic r e s u l t s  of t h e  present t e s t  a r e  s imilar  t o  those obtained a t  M = 20 i n  
a n  arc-heated wind tunnel .  The dynamic-stability r e s u l t s  show t h a t  for  two 
f l i g h t s  below M = 2 osc i l l a t ions  converged and f o r  one f l i g h t  above M = 2 
osc i l l a t ions  diverged s l i g h t l y .  The change i n  damping coincided with changes 
i n  t h e  flow s t ruc tu re  over t h e  centerbody and through t h e  drag r ing .  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  C a l i f . ,  94035, Oct. 4, 1967 
124-m-02-35-00-21 
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1) 
D, reference 

5.08 cm 

0.2 D 

0.667 D 

Figure 1 .- Drag-ring model. 



Figure 2 .- Model. A-37388 
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Figure 3.- Model and sabot combination. 
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A-38299 Figure 4.- Cut sect ion of p l a s t i c  sabot .  
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Figure 3 .  - Shadowgraph of model and sabot separat ion.  
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(a) M = 1.901, CL = -0.lo, p = - 3 . 5 O  

Figure 10.- Shadowgraphs of  model i n  f l i g h t .  
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0 (b) M = 1.836, a = 0 .3  , p = -2.93' 

Figure 10 . - Cont hued. 
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(d) M = 2.331, a = 3 . 6 O ,  p = 3.5' 

Figure 10 .- Concluded. 



ru 
0 

a -  
0 Measured angles - Computed trajectory T 

-4- 

I 
4 

-8L I 1 I I 
- 20 -16 -12 -8 -4  0 

I 

( a )  Fl ight  2 ,  M = 1.874. 

I I 
8 12 

I I 
16 20 

Figure 11.- Model f l i g h t  t r a j e c t o r i e s  and t h e i r  computed f i t .  



3 -  

0 Measured angles 

i Computed trajectory 
2 

I 

- I  - 

-2  ' I I 
-4  -3 -2 - I  0 I 

P,  deg 

(b) Fl ight  4, M = 1.638. 

Figure 11. - Continued . 

I 
2 

I I 
3 4 



I6 - 
0 Measured ongles 

Computrd trojrctory 

12-  

8 -  

4 -  

-4  - 

-8 - 

c 
10 
01 4 

I 
I 

-e 

Flight 3 ,  M = 2.338. 

I I 
8 12 

Figure 11 . - Concluded. 



“The aeronautical and space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of human knowl- 
edge of phenomena in the atmosphere arzd space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof .” 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: Scientific and technical information considered 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: Information less broad in scope but nevertheless of 
importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distribu- 
tion because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS: Scientific and technical information generated 
under a NASA contract or grant and considered an important contribution to 
existing knowledge. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information derived from or of value to NASA 
activities. Publications include conference proceedings, monographs, data 
compilations, handbooks, sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION PUBLICATIONS: Information on tech- 
nology used by NASA that may be of particular interest in commercial and other 
ndn-aerospace applications. Publications include Tech Briefs, Technology 
Utilization Reports and Notes, and Technology Surveys. 

K 

Details on the availability of these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. PO546 


